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ABSTRACT
Observations have shown that supermassive black holes in nearby elliptical galaxies correlate tightly
with the stellar velocity dispersion (the MBH − σ relation) and the stellar mass (the MBH −Mhost
relation) of their host spheroids. However, the origin of these correlations remains ambiguous. In a
previous paper by Zhu et al., we proposed a model which links the M-σ relation to the the dynamical
state of the system and the MBH−Mhost relation to the self-regulation of galaxy growth. To test this
model, we compile a sample of observed galaxies with different properties and examine the dependence
of the above correlations on these parameters. We find that galaxies that satisfy the the MBH − σ
correlation appear to have reached virial equilibrium, as indicated by the ratio between kinetic energy
and gravitational potential, 2K/U ∼ 1. Furthermore, the ratio of black hole accretion rate to star
formation rate remains nearly constant, BHAR /SFR ∼ 10−3, in active galaxies over a wide range
of mass in the redshift range z=0 - 3. These results confirm our theoretical model that the observed
correlations have different origins: the MBH− σ relation may result from galaxy relaxation, while the
MBH - Mhost relation may be due to self-regulated black hole accretion and star formation in galaxies.
Subject headings: active galactic nuclei, black holes, black hole – galaxy scaling relations, galaxy
evolution
1. INTRODUCTION
Over the past decade, it has been determined that a
supermassive black hole resides in the center of nearly
every galaxy. Furthermore, tight correlations have been
found between black hole mass and host galaxy prop-
erties (see Kormendy & Ho 2013 for a recent review),
such as stellar velocity dispersion (the MBH − σ corre-
lation, e.g., Ferrarese & Merritt 2000; Gebhardt et al.
2000; Tremaine et al. 2002; Gu¨ltekin et al. 2009b; Gra-
ham et al. 2011) and bulge stellar mass (theMBH−Mbulge
correlation, e.g., Magorrian et al. 1998; Marconi & Hunt
2003; Ha¨ring & Rix 2004). Beyond the local universe it
is difficult to reliably distinguish the bulge from the rest
of the galaxy, and the MBH −Mbulge relation is general-
ized as the MBH−Mhost relation between the black hole
mass and total stellar mass of the host galaxy.
Recent studies have placed tighter constraints on the
slopes of the relationships by obtaining more accurate
black hole and galaxy measurements to understand the
evolution of the M - σ and MBH - Mhost relations (e.g.,
Peng et al. 2006; Treu et al. 2007; Gu¨ltekin et al. 2009b;
Jahnke et al. 2009; Merloni et al. 2010; Bennert et al.
2011; Schramm & Silverman 2013; McConnell & Ma
2013; Sun et al. 2014). Observational studies beyond
the local universe are complicated by a significant Ed-
dington bias caused by the steeply declining black hole
and galaxy mass functions coupled with large errors in
estimating MBH and intrinsic scatter in MBH - Mhost
(Lauer et al. 2007; Shen & Kelly 2010). In addition, for
galaxies beyond ∼200 Mpc MBH can only be estimated
sxs5520@psu.edu
in luminous broad-line AGNs, which frequently outshine
their host galaxies and make it difficult to measure half
light radius and stellar velocity dispersion for the host
galaxy. Most observations which account for these chal-
lenges find little evidence for evolution in MBH - Mhost
relation from z ∼ 2 to z ∼ 0 (e.g. Jahnke et al. 2009;
Schramm & Silverman 2013; Sun et al. 2014).
Multi-wavelength surveys in deep Hubble Space Tele-
scope (HST ) fields allow for detailed studies of AGN and
host galaxy properties. More specifically, the black hole
accretion rate (BHAR) can be reliably determined using
X-rays, and far-infrared (FIR) data allow for the calcu-
lation of a host galaxy’s star formation rate (SFR) with
no contamination from the AGN (e.g., Mullaney et al.
2012a; Rosario et al. 2013a,b; Sun et al. 2014). Both of
these properties are useful in understanding the evolution
of a galaxy and its supermassive black hole. With further
constraints on the BHAR and SFR, it can be determined
if evolution — or lack therof — is actually coevolution.
Recent observations suggest that there is a correlation
between BHAR and SFR in an average sense (Mullaney
et al. 2012a; Chen et al. 2013; Sun et al. 2014), but
with less evidence for a connection in individual galaxies
(Mullaney et al. 2012c), possibly due to AGN variabil-
ity (Hickox et al. 2014). In particular, Sun et al. (2014)
combined robust measurements of both MBH - Mhost and
BHAR - SFR, along with careful modeling of the selec-
tion biases, to demonstrate that black hole accretion and
star formation correlate in such a way to “self-maintain”
the observed constant MBH - Mhost relation.
Despite advancements in measurement techniques, the
physical origins of these correlations remains unclear (for
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2a review, see Section 8 of Kormendy & Ho 2013). Re-
cently, Zhu et al. (2012) studied the BH – galaxy rela-
tions with high-resolution cosmological simulations and
found that the MBH−σ relation evolves significantly with
redshift, but the MBH - Mhost relation shows little evo-
lution. The authors suggested that the MBH − σ and
MBH −Mhost relations have different origins, the former
being a result of virial equilibrium of the system, while
the latter owing to self-regulated growth of galaxies.
In this work, we focus on determining the origins of
both the MBH - σ and the MBH - Mhost relations and
testing the model of Zhu et al. (2012) by compiling a
sample of galaxies with different properties (e.g., mass,
type, kinematics, etc.) and at different redshift, and ex-
amine the dependence of the above correlations on these
parameters. In Section 2, we outline the samples used in
our study. The results are presented in Section 3, and
we summarize in Section 4.
2. SAMPLES
In order to effectively study the origins of the MBH - σ
and the MBH - Mhost relations, two separate samples of
galaxies were required. The first sample, used to study
the MBH - σ correlation consists of elliptical, lenticular,
and spiral galaxies (tables 1 and 2). The second sample
contains spiral galaxies and AGN, and is used to study
the MBH - Mhost correlation (Table 3, Lusso et al. 2011
and Sun et al. 2014 samples).
Sample 1 is drawn from five recent studies (Marconi &
Hunt 2003; Gu¨ltekin et al. 2009b; Kormendy et al. 2011;
Greene et al. 2010; Sani et al. 2011) of the MBH - σ
and MBH - Mhost correlations, and contains 72 galaxies.
These papers were chosen because they presented galaxy
type, distance, black hole mass, k-band absolute mag-
nitudes, and stellar velocity dispersions for each of the
galaxies. The final parameter of interest to this study,
the half-light effective radius, was not presented in all
five of the papers, and was therefore obtained from other
sources. The galaxy parameters and their references are
detailed in Tables 1 and 2.
In order to study the MBH - Mhost correlation, it was
necessary to have X-ray and FIR luminosities, which are
tracers of BHAR and SFR (Kennicutt 1998) respectively.
While we were able to obtain X-ray luminosities for the
majority of galaxies in our elliptical sample, it is likely
that the X-ray luminosity was produced by hot gas rather
than BH accretion. Similarly, FIR (as well as UV, Hα
and other SFR tracers Kennicutt 1998) luminosities for
these ellipticals were not likely to be due to star for-
mation, but other processes. In order to overcome this
BHAR and SFR tracer problem, we created a separate
sample that contains active galaxies with robust SFR and
BHAR estimates.
Sample 2 contains 70 broad-lined AGN from Sun et al.
(2014), 11 narrow-lined AGN from Hainline et al. (2012),
17 narrow-lined AGN from Lusso et al. (2011), and 5 spi-
ral galaxies from Sample 1 that had published SFR and
X-ray luminosities. In this sample, the only galaxies with
BH masses are those from Sun et al. (2014) sample and
the five spiral galaxies. All other galaxies in Sample 2
are narrow-lined, and do not have BH mass estimates.
Regardless of the original sample from which the galax-
ies were taken, all of the galaxies in Sample 2 have SFR
values, X-ray (or bolometric) luminosity, and galaxy stel-
lar mass. The Hainline et al. (2012) values come directly
from Table 4 of that paper, while our Lusso et al. (2011)
sample was taken from a larger sample of 225 galaxies
from the Lusso et al. (2011) paper. We obtained the 17
galaxies from Lusso et al. (2011) by first removing any
galaxies that were missing measurements for bolomet-
ric luminosity, SFR, stellar mass, or redshift. We then
removed galaxies in all but three morphological classes
(disk-dominated, irregular, and compact/irregular) that
were defined by Lusso et al. (2011). Finally, the five
spiral galaxies were obtained from our larger collection
of spirals in Sample 1 because they had both SFR and
X-ray luminosity measurements.
3. RESULTS
3.1. The M-σ Correlation
Figure 1 shows the well-studied M-σ correlation from
our compiled sample. The red and blue fits correspond
to the spirals and ellipticals respectively, while the black
dashed-line is from McConnell & Ma (2013). It can
clearly be seen that the elliptical galaxies more closely
follow the fit from McConnell & Ma (2013) than the spi-
ral sample. The fitting line for the spirals noticeably
diverges from the McConnell & Ma (2013) fit and has a
much shallower slope. The differing fit lines for spirals
and ellipticals suggests that the elliptical galaxies more
closely follow the M-σ correlation than spiral galaxies.
While there is some deviation from the trend lines in
both the elliptical and spiral samples, this can be ex-
plained by the inconsistencies in the methods used to
determine BH mass and σ values across the multiple sam-
ples from which these values were obtained. The most
common of which are dynamical measurements (Mar-
coni & Hunt 2003; Kormendy et al. 2011; Sani et al.
2011; Gu¨ltekin et al. 2009b) and megamaser disk mea-
surements (e.g., Greene et al. 2010).
Figure 1. The MBH-σ correlation for the spiral and elliptical
samples. The red and blue fits correspond to the spirals and ellip-
ticals respectively. It can be seen that the ellipticals more closely
follow the fit of McConnell & Ma (2013) than the spiral galaxies.
In Zhu et al. (2012), it was suggested that M-σ corre-
lation is a result of virial equilibrium when 2K + U= 0,
where
K =
3
2
M∗σ2
3Table 1
Elliptical/Lenticular Sample
Galaxy Name[1] Type[2] D[3] MBH
[4] σ[5] MK
[6] re[7] Ref[8]
(Mpc) (M) (km s−1) (kpc)
A1836-BCG E 157.5 3.9 x 109 288 -25.95 0.099 2,10,5
A3565-BCG E 54.4 5.2 x 108 322 -25.98 0.0916 2,10,5
CenA S0/E 4.4 3.0 x 108 150 -22.94 2.21 3
Cygnus A E 240 2.9 x 109 270 -27.3 31.0 1
IC 1459 E4 30.9 2.8 x 109 340 -25.69 9.15 3
IC 4296 E 50.8 1.35 x 109 226 -27.62 8.28 3
M84/NGC 4374 E1 18.4 1.0 x 109 296 -25.7 8.2 1
M87 E1 17.0 3.6 x 109 375 -25.37 8.2 3
NGC 1399 E1 21.1 5.1 x 108 337 -25.29 3.63 2,10,6
NGC 221 E2 0.86 3.1 x 106 75 -18.79 0.12 3
NGC 2549 S0 12.3 1.4 x 107 145 -22.17 0.69 3
NGC 2778 E2 22.9 1.4 x 107 175 -23.0 3.0 1
NGC 2974 E4 21.5 1.7 x 108 227 -24.09 2.83 3
NGC 3115 S0 9.7 9.1 x 108 230 -24.4 4.7 1
NGC 3245 S0 20.9 2.1 x 108 205 -23.75 1.3 4,4,1
NGC 3377 E5 11.2 1.0 x 108 145 -23.6 5.4 1
NGC 3379 E0 11.7 1.2 x 108 206 -24.2 1.7 2,1,6
NGC 3384 S0 11.6 1.6 x 107 143 -22.6 0.49 1
NGC 3414 S0 25.2 2.51 x 108 205 -23.49 2.67 3
NGC 3585 S0 21.2 3.4 x 108 213 -24.67 1.59 3
NGC 3607 E1 19.9 1.2 x 108 229 -24.44 4.3 3
NGC 3608 E1 23.0 2.1 x 108 182 -23.74 6.29 3
NGC 3998 S0 14.9 2.4 x 108 305 -23.29 0.34 3
NGC 4026 S0 15.6 2.1 x 108 180 -23.14 0.86 3
NGC 4261 E2 33.4 5.5 x 108 315 -25.27 3.66 3
NGC 4291 E2 26.2 3.1 x 108 242 -23.9 2.3 1
NGC 4342 S0 18.0 3.6 x 108 225 -22.26 0.29 4,4,1
NGC 4459 E2 17.0 7.4 x 107 167 -24.5 3.24 2,1,7
NGC 4473 E4 17.0 1.3 x 108 190 -23.8 3.98 2,1,8
NGC 4486A E2 17.0 1.3 x 107 111 -21.8 0.65 2,3,9
NGC 4552 E 15.3 5.0 x 108 252 -24.32 1.8 3
NGC 4564 S0 17.0 6.9 X 107 162 -23.4 1.59 2,1,8
NGC 4621 E5 18.3 4.0 x 108 225 -23.64 5.46 3
NGC 4649 E2 16.5 2.1 x 109 385 -25.37 3.77 3
NGC 4697 E6 12.4 2.0 x 108 177 -23.02 6.04 3
NGC 4742 E4 15.5 1.4 x 107 90 -23.0 2.0 1
NGC 5077 E3 44.9 8.0 x 108 222 -25.09 6.35 3
NGC 524 S0 33.6 8.32 x 108 235 -25.37 4.37 3
NGC 5252 S0 96.8 1.0 x 109 190 -25.6 9.7 1
NGC 5576 E3 27.1 1.8 x 108 183 -22.97 4.51 3
NGC 5813 E1 32.2 7.1 x 108 230 -24.37 17.4 3
NGC 5845 E3 28.7 2.9 x 108 234 -23.27 0.51 3
NGC 5846 E0 24.9 1.1 x 109 237 -25.04 4.4 3
NGC 6251 E1 106 6.0 x 108 290 -26.24 21.8 3
NGC 7052 E3 70.9 4.0 x 108 266 -25.19 13.5 3
NGC 7457 S0 14.0 4.1 x 106 67 -21.8 4.31 2,1,8
NGC 821 E4 25.5 4.2 x 107 209 -23.720 7.86 3
[1] Galaxy Name.
[2] Morphological type.
[3] Distance in Megaparsecs.
[4] BH mass in units of solar mass.
[5] Stellar velocity dispersion.
[6] K Band bulge magnitude.
[7] Effective radius in kiloparsecs.
[8] References are written as: “reference for columns 1-5,”“reference for column 6,” “reference for column 7”. If there is only one number,
it indicates the reference for columns 1-7. References: 1. Marconi & Hunt (2003), 2. Gu¨ltekin et al. (2009b), 3. Sani et al. (2011), 4.
Kormendy et al. (2011), 5.Dalla Bonta` et al. (2009), 6. Faber et al. (1997), 7. Kormendy et al. (2010), 8.Novak et al. (2006), 9. Prugniel
et al. (2011), 10. Kormendy & Ho (2013).
4Table 2
Spiral Sample
Galaxy Name[1] Type[2] D[3] MBH
[4] σ[5] MK
[6] re[7] Ref[8] Lx[9] SFR[10]
(Mpc) (M) (km s−1) (kpc) (ergs s−1) (M yr−1)
Circinus Sb 4.0 1.7 x 106 158 -21.79 0.21 3 41.48 1.28
IC 2560 SBb 40.7 4.4 x 106 144 -22.87 5.43 3 - -
M31/NGC 0224 Sb 0.8 4.5 x 107 160 -22.8 1.0 1 - -
Milky Way SBbc 0.008 4.1 x 106 103 -22.3 0.7 1 - -
NGC 1023 SB0 12.1 4.0 x 107 205 -23.07 1.41 3 - -
NGC 1068 Sb 15.4 8.6 x 106 151 -23.79 0.73 3 39.54 0.54
NGC 1300 SB(rs)bc 20.1 7.1 x 107 218 -21.71 0.422 2,15,7 39.93 0.2
NGC 1316 SB0 19.0 1.62 x 108 226 -24.72 8.57 3 - -
NGC 2273 SB(r)a: 26.0 7.58 x 106 144.54 -22.07 1.97 4,15,9 - -
NGC 2748 Sc 24.9 4.7 x 107 115 -20.56 0.82 2,15,14 - -
NGC 2787 SB0 7.9 4.3 x 107 189 -21.37 0.6 3 - -
NGC 2960 Sa? 71.0 1.12 x 107 165.96 -24.36 0.62 4,15,10 - -
NGC 3031 Sb 4.1 8.0 x 107 143 -22.82 2.53 3 - -
NGC 3079 SBcd 15.9 2.5 x 106 146 -22.37 5.71 3 - -
NGC 3227 SBa 17.0 2.0 x 107 133 -21.52 6.83 3 41.55 0.48
NGC 3384 SB0 11.7 1.0 x 107 143 -22.82 0.25 3 - -
NGC 3393 (R’)SB(rs) 53.6 3.09 x 107 147.91 -23.03 2.26 4,15,11 - -
NGC 4151 Sa 20.0 6.5 x 107 156 -22.39 0.52 3 - -
NGC 4258 SABbc 7.2 3.78 x 107 115 -21.54 3.9 3 - -
NGC 4388 SA(s)b: 19.0 8.51 x 106 107.15 -20.55 3.33 4,15,12 - -
NGC 4594 Sa 9.8 1.0 x 109 240 -25.4 5.1 1 - -
NGC 4596 SB0 18.0 8.4 x 107 136 -22.82 2.44 3 - -
NGC 6264 S? 136 .0 2.81 x 107 158.49 -22.6 6.43 4,15,13 - -
NGC 7582 SBab 22.3 5.5 x 107 156 -21.96 0.712 2,15,8 41.69 2.22
[1] Galaxy Name.
[2] Morphological type.
[3] Distance in Megaparsecs.
[4] BH mass in units of solar mass.
[5] Stellar velocity dispersion.
[6] K Band bulge magnitude.
[7] Bulge effective radius in kiloparsecs.
[8] References are written as: “reference for columns 1-5,”“reference for column 6,” “reference for column 7”. If there is only one number, it
indicates the reference for columns 1-7. References: 1. Marconi & Hunt (2003), 2. Gu¨ltekin et al. (2009b), 3. Sani et al. (2011), 4. Greene
et al. (2010), 6.Erwin et al. (2003), 7. Novak et al. (2006), 8. Faber et al. (1997), 9. Dong & De Robertis (2006), 10. Vika et al. (2012),
11. Beifiori et al. (2009), 12. Khorunzhev et al. (2012), 13. Pe´rez-Gonza´lez et al. (2000) , 14. Gil de Paz et al. (2007), 15. Kormendy &
Ho (2013).
[9] X-ray luminosity . All are from Gu¨ltekin et al. (2009a) excluding NGC 1300, which is from Shapley et al. (2001).
[10] Star Formation Rate. Values for Circinus, NGC 1068, NGC 3227, and NGC 7582 are from Mele´ndez et al. (2008). The value for NGC
1300 is from Mazzuca et al. (2008).
5is the kinetic energy of the stars, and
U =
−3
5
GMM∗
re
is the gravitational potential energy of the galaxy of mass
M with effective radius re. To test this, we examine the
virial ratio, λ = 2K/U , of our sample in Figure 2. For
simplicity, we assumed that the mass of the galaxy (M)
was equal to the stellar mass (M∗), and therefore, our
final calculation used
U =
−3
5
GM2∗
re
for the potential energy. The stellar mass for this figure,
and all subsequent figures, is calculated from k-band ab-
solute magnitude using a one-to-one mass to light ratio.
The results of Zhu et al. (2012) suggest that the M-σ
relation evolves over time, and subsequently, the virial
ratio of galaxies evolves with the M-σ relation. Ulti-
mately, if galaxies become virilized as they approach z ∼
0, the virial ratio would reach ∼1. Considering that we
find that ellipticals more closely follow the M-σ correla-
tion, we would predict that they have a virial ratio of ∼1,
and therefore, we would expect spiral galaxies to have a
virial ratio greater than 1. In our plot, however, we see
that the elliptical and spiral samples seem to have com-
parable scatter and virial ratios. While this seems odd
because we would expect very different ratios, the story
is not complete. Because spiral galaxies do not have uni-
form light curves, it is difficult to define a “half-light”
radius for them. The majority of effective radius values
that were obtained for our spiral sample are half light
radii for the bulge, and these are the galaxies with virial
ratios of ∼1. The spiral galaxies with “effective radii” for
the entire galaxy have a virial ratio much higher than 1.
The scatter seen in the elliptical sample is likely due to
the difficult nature of measuring the effective radius and
our generalization that a one-to-one mass-to-light ratio
could be used for the calculation of all galaxy masses.
Figure 2. The ratio of kinetic energy to potential energy of stellar
components within the half-light radius as a function of stellar mass
for our elliptical and spiral samples. Those values with a ratio of
roughly 1 are described as virilized, while those that lie significantly
above 1 are not virilized.
3.2. The MBH-Mhost Correlation
Figure 3 utilizes the BH masses published by Sun et al.
(2014) and those for the five spirals with SFR and X-ray
luminosity, as well as the stellar masses for these galaxies
to study the MBH - Mhost relation.
Figure 3. BH mass as a function of stellar mass for Sun et al.
(2014) and the five spiral galaxies with SFR and X-ray luminosities.
The fittings of the full elliptical and spiral samples (Tables 1 and
2) are plotted for comparison.
While Zhu et al. (2012) found evolution in the M -
σ correlation, no evolution in the MBH -Mhost correla-
tion was found, which implies that the two correlations
have very different origins. The fourth and final figure
probes the possible origin of the MBH -Mhost correlation
by utilizing the ratio of BH accretion rate (BHAR) to
star formation rate (SFR) as a function of stellar mass
and redshift for Sample 2. This ratio allows us to track
the evolution of the galaxies.
SFR values for each of our AGN were taken from Sun
et al. (2014), Lusso et al. (2011), and Hainline et al.
(2012). The references for each of our five spirals are
given in detail in Table 2. The BHAR was calculated
using
BHAR =
Lbol
c2
where  = 0.1. X-ray luminosity was converted to bolo-
metric luminosity using
Lbol = Lx ∗ 22.4
from Mullaney et al. (2012b) when direct Lbol measure-
ments were unavailable.
Zhu et al. (2012) determined through simulation that
galaxies have a nearly constant ratio of BHAR to SFR
over a large range of redshifts, suggesting that black holes
and galaxies exhibit self-regulated growth. Silverman
et al. (2009) came to similar conclusions studying the
ratio of BHAR to SFR using observational data to z=2.
Our sample extends the study of Silverman et al. (2009)
to z=3, and further constrains the value of this ratio to
∼10−2.6. This constant ratio across a range of redshifts
and stellar masses suggests that the galaxies and black
holes exhibit self regulated growth.
6Figure 4. Left: The ratio of BHAR/SFR as a function of stellar mass. Our nearly constant ratio of ∼10−2.6 across four orders of
magnitude in stellar mass suggests that galaxies and black holes have self-regulated growth. Right: The same ratio of BHAR/SFR as a
function of redshift. This expands on the work of Silverman et al. (2009), and provides evidence for self regulated growth of black holes
and galaxies to redshift 3.
4. SUMMARY
Through this observational data, we investigated the
origin of the MBH -σ and MBH -Mhost correlations and
tested the model proposed by Zhu et al. (2012). To study
the MBH - σ correlation, we have used robust sample of
elliptical, lenticular, and spiral galaxies. We have shown
that the elliptical and lenticular galaxies closely follow
the most recent fitting of the MBH - σ correlation from
McConnell & Ma (2013), while the spiral galaxies tend
to fall off of this correlation. In order to examine the
MBH - Mhost relation, we have used a sample that com-
bines narrow- and broad-lined AGN with a small num-
ber of spiral galaxies. We have shown that the broad-
lined AGN and spirals follow the MBH - Mhost from Mc-
Connell & Ma (2013). Our findings are listed below:
1. Zhu et al. (2012) has shown that the M-σ relation
shows exceptional evolution from higher redshift to
lower redshift, which suggests that the virial ratio
would also evolve over time. Through simulation,
Zhu et al. (2012) determined that galaxies progress
towards a virial ratio of ∼1 at z∼0. Our obser-
vational data agrees with the results of Zhu et al.
(2012), with some scatter caused by measurement
uncertainties. At z∼0, we see that galaxies falling
on the MBH - σ relation tend to be viralized, while
those that fall off of the MBH - σ relation are not
viralized. This suggests that the MBH - σ relation
may be a result of virial equilibrium.
2. In contrast to the distinct evolution of the M-σ
correlation, Zhu et al. (2012) found almost no evo-
lution in the MBH -Mhost correlation. We utilize
the ratio of BHAR/SFR as a probe of galaxy evo-
lution, and find that the ratio remains relatively
constant over several orders of magnitude in stellar
mass, and a range of redshifts (z=0-3). Our nearly
constant ratio of ∼10−2.6 agrees with the findings
of Zhu et al. (2012) and Silverman et al. (2009).
This nearly constant ratio indicates that the black
hole and galaxy have self-regulated growth, and it
is this self-regulated growth that may be the origin
of the MBH -Mhost correlation.
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